Chronic hepatitis B (CHB) is a global health problem affecting more than 350 million people worldwide. Chronic carriage of HBV is related to the age when the infection occurs; the younger the age the higher the chronicity rate. Knowledge of the natural history of CHB is important for the management of the disease. The goal of hepatitis B treatment is to prevent cirrhosis, liver decompensation and hepatocellular carcinoma. In clinical practice, treatment response is determined by the suppression of serum HBV DNA levels. However, current antiviral therapies are usually unable to achieve sustained offtreatment responses and eradicate the infection. Impairment of immune responses including defective innate non-cytolytic antiviral function together with exhausted T cells and the tolerogenic liver environment may all contribute to the poor clinical response. A more comprehensive understanding of the immunological phases of CHB, potential triggers of liver flares and molecular mechanisms underlying viral persistence and immunopathology will help to tailor future therapeutic strategies. A synergistic approach of boosting the immune response of the host by specific immunotherapeutic interventions and effective viral load suppression will be needed to promote sustained viral clearance in chronic infection.
Impairment of immune responses including defective innate non-cytolytic antiviral function together with exhausted T cells and the tolerogenic liver environment may all contribute to the poor clinical response. A more comprehensive understanding of the immunological phases of CHB, potential triggers of liver flares and molecular mechanisms underlying viral persistence and immunopathology will help to tailor future therapeutic strategies. A synergistic approach of boosting the immune response of the host by specific immunotherapeutic interventions and effective viral load suppression will be needed to promote sustained viral clearance in chronic infection.
Epidemiology and public health significance
The World Health Organization estimates that 2 billion people have been infected with hepatitis B virus (HBV), and more than 350 million have chronic infection. The carrier rate varies from low (0.1-2%) in USA and western Europe, to intermediate (2-8%) in Mediterranean countries and Japan and high (8-20%) in sub-Saharan Africa and parts of Asia. 1 In highly endemic areas, the majority of individuals become infected either perinatally or in early childhood, whereas in low prevalence areas the infection is acquired primarily in adulthood. HBV infection persists in 1-5% of infected adults, 20-30% of young children and up to 90% of perinatally infected subjects. 1 
The virus and natural history of the infection
HBV is a partially double-stranded DNA virus whose genome encodes four overlapping reading frames. During the replication cycle of the virus in hepatocytes, two key events take place. One is the formation of replicative intermediates termed 'covalently closed circular DNA' (cccDNA) in the nucleus of cell, which are maintained for the lifetime of the hepatocyte and function as an HBV reservoir responsible for persistence. 2 The challenge of current antiviral therapy is to clear and/or prevent the formation of cccDNA. The second key event is the reverse transcription step. The reverse transcriptase, with its inherent error-prone activity, is responsible for the emergence of a highly heterogenous viral ! The Author 2012. Published by Oxford University Press on behalf of the Association of Physicians. All rights reserved. For Permissions, please email: journals.permissions@oup.com population (quasispecies) including those containing mutations affecting the production of e-Antigen (eAg). 2 Following an incubation period of 1-4 months, symptomatic hepatitis occurs in about one-third of adults, in 10% of children <5 years and only rarely in children <1 year. A fulminant course with high mortality has been reported only occasionally in the paediatric population and in 1% of infected adults. Resolution of the infection, which is characterized by the disappereance of hepatitis B surface antigen (HBsAg) from the blood within 6 months of infection, occurs in the majority of infected adults, but only in a minority of infected neonates. Resolution of the infection generally results in lifelong protection from the disease. However, it is important to note that HBV is controlled by an efficient immune response rather than completely eliminated; 3 it can therefore reactivate when there is significant immunosuppression, such as in the setting of human immunodeficiency virus or bone marrow transplantion.
The natural course of chronic hepatitis B (CHB) virus infection has been divided into four phases that have been arbitrarily defined as: immune-tolerant, immune-elimination (or immune-clearance), inactive and reactivation. 4 The 'immunotolerant phase' is characterized by a high level of HBV replication, eAg positivity, and a normal or minimally elevated alanine transaminase (ALT). This period can last up to 20-30 years following perinatal acquisition, but is short or absent in those who acquire infection as an adult. During the 'immune clearance phase', there is a reduction in HBV DNA levels and increased liver inflammation. During this phase, which can last for years, the disease activity fluctuates and progressive liver damage occurs. The occurrence of seroconversion from eAg positive to anti-e antibody (20-30%/year) is usually followed by a decrease in viral replication and ALT. At this stage, the patient enters the inactive phase. HBV replication <2000 IU/ml is associated in most patients with biochemical and histological regression of inflammatory activity. 5 As a result of the persistence of cccDNA in hepatocyes, some inactive carriers can develop HBV reactivation with either the wild-type and reversion to eAg positivity (1-4%) or with HBV variants with mutations limiting eAg production. 6 Recent work has shown that the likelihood of HBeAg-negative CHB is related to the duration of infection, with a cumulative incidence of 24% at 16 years of follow-up associated with a high risk of accelerated progression to fibrosis and cirrhosis. 7 The major complications of CHB are cirrhosis and hepatocellular carcinoma (HCC). The overall risk of developing cirrhosis during the lifetime of patients with CHB is 15-40%. The risk of HCC in patients with cirrhosis is estimated to be 2-5%; however, it varies according to the geographical area and may be influenced by the presence of HBsAg, eAg, certain mutations and levels of HBV DNA >20 000 IU/ml. 8 
Limitations of current treatment
The goal of therapy for CHB is to prevent the progression of the disease. The two main strategies currently used are antiviral therapy with nucleoside/ nucleotide analogues (NA) or pegylated interferon a (PEG-IFN-a) . NA can effectively suppress HBV DNA to undetectable levels and lead to clinical and histological improvement. 9 Although the newer NAs, entecavir and tenofovir, have a high genetic barrier to resistance, they rarely achieve virological control [HBV surface antigen (HBsAg) seroconversion] or sustained off-treatment responses. 10 A finite duration of treatment with PEG-IFN-a has a better chance of achieving sustained virological responses. However, side effects, the need for subcutaneous injections and the contraindication profile, including individuals with cirrhosis, remain major limitations to its use.
How can the immune response be harnessed to treat HBV?
The immune system has the inherent capacity to control HBV infection, as evidenced by the majority of infected adults who resolve acute infection, and by the resolution of CHB in recipients following bone marrow transplantation from an immune donor. 11 Thus, a synergistic approach of boosting the immune response of the host along with specific immunotherapeutic interventions and effective viral load suppression is needed to promote sustained viral clearance in chronic infection.
The role of innate immunity in HBV infections has remained the subject of controversy. Despite the lack of induction of type I IFN response and attenuated innate immunity during acute infection, resolution is achieved. 12 Evasion or suppression of innate responses may be more relevant in established chronic infection, perpetuating viral replication. Natural killer cells are emerging as innate effectors in viral infections, but in CHB they have defective non-cytolytic antiviral functions and are biased to cytotoxicity and expression of the death ligand tumour necrosis factor (TNF)-related apoptosis inducing ligand, a functional profile that may exacerbate liver injury. 13, 14 The role of T cells in HBV infection is better established. 15 In contrast to the robust and multispecific T-cell responses observed in patients during self-limiting HBV infection, chronic infection is characterized by weak and transient responses. 16 When considering the nature of T-cell exhaustion in HBV, important considerations are the tolerizing liver environment and the high levels of viral replication, along with a large excess of circulating sAg and HBeAg that are likely to all contribute to the progressive functional decline of virus-specific T cells. 17 Recent research has highlighted a number of T-cell intrinsic defects induced or compounded by defective antigen presentation in the liver, 18 such as the up-regulation of a pro-apoptotic molecule called BCl2-interacting mediator (BIM), which mediates deletion of HBV-specific CD8 T cells. 19 The residual T-cell responses are driven to exhaustion by a number of co-inhibitory molecules including PD-1 and CTLA-4. 20 Although therapeutic blockade of these receptors may constitute a promising approach, co-expression of additional inhibitory molecules on T cell populations illustrates the complexity of co-operation between the numerous co-inhibitory pathways.
These intrinsic defects can be perpetuated by extrinsic factors present in the liver microenvironment. The liver nutrient milieu, 21 regulatory populations and high levels of the immunosuppressive cytokines IL-10 and tumour growth factor (TGF)-b can hamper the ability of T cells to expand and survive, thereby attenuating viral control. 12 Immunotherapeutic targeting of IL-10 and TGF-b in CHB may constitute an additional therapeutic intervention, with the caveat that these cytokines govern a critical balance between impeding pathogen clearance and restraining immunopathology (Figure 1 ).
Remaining challenges
Implementation of universal vaccination against HBV in newborns has already reduced the incidence of HBV-related HCC in countries like Taiwan. 22 More widespread uptake of the vaccine and other prevention measures should dramatically reduce the number of new cases of HBV in the coming decades. In the meantime, there is a pressing need to develop more effective treatment approaches and better biomarkers for disease monitoring for the huge burden of infected individuals. Quantification of sAg has recently been shown to help to distinguish inactive from active eAg negative disease and to identify those patients with a sustained response to IFN-a. 23 Future potential therapeutic approaches targeting innate immunity include directing IFN-a towards infected hepatocytes with TCR-like monoclonal antibodies, 24 substituting IFN-a with IFN-or stimulating innate recognition with agonists for pattern recognition receptors.
Chimeric antigen receptors and T-cell receptor gene transfer are new exciting strategies attempting to re-direct the specificity of existing T cells against HBV. 24 The remaining concern is whether recovery of virus-specific T cells will result in increased liver injury, disease flares and decompensated liver disease. Previous work has demonstrated that in patients with active disease and liver inflammation it is the influx of non-antigen-specific infiltrate that is largely responsible for liver damage. 25 These data lend support to the idea that future immunotherapeutic startegies should aim to restore virus-specific T-cell defects, while blocking potential pathways of liver damage.
